where ρ is the system's density matrix, the number operatorn = a † a with a the annihilation operator and D(α) = exp(αa † − α * a) the Glauber displacement operator, where α = (q + ip)/ √ 2. Another common form for the Wigner function is
where we define it for an arbitrary operator A. If we consider a function of the position operator, we find
It is worth noting that the Wigner function is in general a physical function and that has been measured in experiments, in particular for the first excited state of the vibrational motion of an ion [5] .
For an arbitrary operator, for instance, position to an arbitrary powerq k the Wigner function may also be given in a series representation [6] 
where |n is a number state. Note that equation (4) has already the alternating form of the series considered above. By doing k = 0, we obtain
which by using that n|q 2 |n = n + 1/2 allows us to evaluate the sum
where we have used (5) to evaluate (7) . Eq. (6) then shows that there is a recursion relation between the higher order sums in terms of the lower order ones. We can find a general expression that will have this recursion in it. In order to do this we writeq in terms of annihilation and creation operators,
and insert it in (4), this gives
by equating the coefficients of powers of q at right and left of the equal sign, we finally obtain (s > 0)
This equation is the main result of the manuscript, as it will allow the evaluation of the divergent series considered earlier.
Because of the average with the numbers states, we can remove all terms that do not contain an equal number of a † 's and a's, as they are the only terms that will contribute to the sum of diagonal matrix elements. Therefore by considering those elements we may neglect all other terms of the sum. We have [7] s . It may be transformed into normal ordering using [8] : (a † a)
Inserting (12) into (10) and making use of the expression
we obtain
For s = 1 we obtain (5) and for s = 2 we obtain (7), while for s > 2 we obtain the sums
in terms of the lower sums, i.e. as a recursion formula.
In conclusion, we have shown a physical form, to evaluate some divergent sums, by means of a function that in principle may be measured, namely, the Wigner function.
